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The effects of irrigation and different combinations of temperature and irradiance levels on net photosynthesis 
of three fynbos growth forms were investigated. The photosynthetic light saturation of Erica plukenetli' (ericoid 
growth form) was recorded at a lower photosynthetic photon flux density (800 ~mol m-2 S-1) than for a proteoid 
and a restioid species (1 000 ~mol m-2 S-1). Thamnachartus lucens (restioid growth form) changed its photosyn-
thetic temperature optimum from early summer to late summer (30°C to 20°C) while Erica plukenetii and 
Pratea laurifalia (proteoid growth form) maintained constant photosynthetic temperature optima (20°C) during 
both measuring periods. Irrigation during summer resulted in a 20 to 40% increase in net photosynthetic rate of 
T. lucens_ P. laurifalia and E plukenetli; however, showed no photosynthetic responses upon the addition of 
water. 
Die invloed van besproeiing en verskillende kombinasies van temperatuur en ligintensiteit op die netlo 
fotosintesetempo van drie fynbos spesies, verteenwoordigend van drie groeivorme, is ondersoek. 
Ligversadiging van die fotosintese van Erica plukenetii (eriko'iede-groeivorm) het by 'n laer fotosintetiese 
fotonvloed-digtheid (800 ~mol m-2 S-1) ingetree as vir die proteo"iede- en restio"iede-spesies (1 000 ~mol m-2 
S-1). Die optimum temperatuur vir fotosintese het vir Thamnachartus lucens (restio"iede-groeivorm) van vroeg 
somer tot laat somer verander (30°C tot 20°C) terwyl Erica plukenetii en Pratea laurifalia (proteo"iede-
groeivorm) se temperatuuroptima (20°C) gedurende beide seisoene konstant gebly he!. Besproeiing 
gedurende die somer het tot 'n 20 tot 40% toename in netlo fotosintesetempo van T. lucens aanleiding gegee. 
Byvoeging van water het geen uitwerking op die netlo fotosintesetempo van P. laurifalia en E plukenetiigehad 
nie. 
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Introduction 
Ecophysiological studies have contributed greatly towards 
understanding the adaptive strategies of plants in diverse 
habitats (Mooney 1976; Osmond 1987)_ In the fynbos, most 
studies have been directed towards understanding the inter-
actions between nutrient status and aspects of plant 
community ecology, because of the particularly low nutrient 
status of this region (Kruger 1979)_ Recent research has 
demonstrated that low nutrient levels is probably one of the 
major selective pressures in fynbos (Kruger et al. 1983; Stock 
& Lewis 1986; Stock et al. 1987). However, whether the 
nutrient limitations of growth is mediated by a limitation of 
photosynthesis has not yet been established. In fact, there is a 
paucity of available information regarding the photosynthetic 
gas exchange characteristics of fynbos species. 
Mooney et al. (1983) reported on the photosynthetic 
capacities, water use efficiencies and temperature and 
irradiance responses of photosynthesis of six broad-leaf 
fynbos species during the winter-spring period. Van der 
Heyden & Lewis (1989) investigated the seasonal variation in 
photosynthetic capacities, water relations, and the water use 
efficiencies of different fynbos growth forms. Von Willert et 
al. (1989) measured the photosynthetic characteristics and 
leaf-water relations of mountain fynbos vegetation after 
abundant winter rains. The objective of this study was to 
characterize the environmental factors which control photo-
synthetic carbon fixation of species representing different 
fynbos growth forms . The influence of different combina-
tions of temperature and irradiance levels on net photosyn-
thesis was determined during early and late summer to 
investigate possible adaptation to naturally ocurring changes 
in environmental conditions. The changes in net photosyn-
thesis in response to alleviation of summer drought by 
irrigation were also investigated. This study was carried out 
during November and February when two of the principal 
stress factors in the fynbos, high temperature and low water 
availability, co-occur. The results obtained with this study 
allow initial assessment of the importance of these two 
environmental factors in affecting photosynthetic carbon 
assimilation. 
Methods 
Species selected for the investigation of photosynthetic 
responses to temperature, irradiance and irrigation were (1) 
Thamnochortus lucens Pill, (2) Pro tea laurifolia Thunb. and 
(3) Erica plukenetii L. These species were chosen to be repre-
sentative of the three principal fynbos growth forms i.e 
restioid (T. lucens), proteoid (P. laurifolia) and ericoid 
(E. plukenetiz). 
Photosynthetic response to temperature and irradiance 
Plant individuals were transplanted with their original soil 
medium into separate 18-litre pots during June 1986. The 
potted plants were replaced in the soil and left to establish in 
S.Afr.J. Bot., 1990,56(6) 
their original surroundings for 3 months. At the time when 
gas exchange measurements were performed, the potted 
plants were taken to the field station where photosynthetic 
gas exchange measurements were performed under natural 
light conditions. Measurements were carried out during early 
summer (November 1986) and late summer (February 1987). 
Photosynthetic gas exchange was monitored with a 225 Mk3 
infra-red gas analyser (Analytical Development Company 
Ltd., Hoddesdon, England) on three individuals per species at 
each combination of temperature and photosynthetic photon 
flux density (PPFD). Two types of perspex cuvettes were 
used. A rectangularly shaped cuvette (72 ml) was used for 
single P. laurifolia leaves and a longitudinal one (270 ml) 
was used for shoots of E. plukenetii and photosyntheticculms 
of T. lucens. Carbon dioxide uptake of the cuvette-enclosed 
plant material was measured in an open system. Since the 
analyser was fitted with an optical water vapour interference 
filter it was not necessary to compensate by calculation for 
the presence of water in the airstream. Air temperature and air 
humidity inside the cuvette as well as photosynthetic photon 
flux density (PPFD) were recorded together with the rates of 
CO2 exchange. Temperature in the perspex cuvettes was 
controlled by water jackets through which water was circu-
lated. The temperature was kept constant by changing the 
temperature of the circulating water and secondarily by 
altering the rate of water flow through the water jackets. The 
temperature in the cuvette was increased in steps of lOoC. 
Measurements were made from the lowest (lO°C) to the 
highest temperature (40°C) and plants were allowed to 
equilibrate for 45 min after each temperature change. Plants 
were then subjected to a range of PPFD's by placing shade 
cloth between the assimilation cuvette and direct sunlight. All 
measurements at each new PPFD were made after a steady 
rate of CO2 depletion had been obtained. Absence of method-
ological means to regulate the water vapour concentration in 
the cuvettes necessitated operation of the system at low 
relative humidities. Relative humidity of the reference 
airstream was maintained between 25 and 30% by changing 
the number of silica gel columns in the airstream. 
Photosynthetic response to irrigation 
The plant individuals used for this study were c. 3 to 4 years 
of age and were growing in the field (not in pots) at a site 
described in a previous report (van der Heyden & Lewis 
1989). From 21 to 26 February 1987, 15 individuals of each 
species were irrigated with tap water. Each individual 
received 1 litre of water during the morning, at midday and 
during the late afternoon. Irrigation was carried out with a 
watering can and covered a 9OO-cm2 soil surface area around 
the base of each individual. This irrigation technique ensured 
that the rooting systems of the three species, illustrated in van 
der Heyden & Lewis (1988), received adequate and compar-
able supplies of water. Photosynthetic gas exchange measure-
ments were performed with a field transportable infra-red gas 
analyser (LCA-2, Analytical Development Company Ltd. , 
Hoddesdon, England) which was used as an open system. 
Measurements were performed under cloudless conditions at 
each time interval on five individuals each of the unirrigated 
(control) and irrigated treatments of each species. All gas 
exchange measurements were carried out on 26 February 
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1987. These measurements were repeated five or six times 
during the day to produce diurnal patterns of net photosyn-
thetic rates for both treatments of each species. Description of 
the equations used for the calculation of rates of photosyn-
thetic gas exchange was presented in a previous report (van 
der Heyden & Lewis 1989). 
Results for the restioid and proteoid species are expressed 
on a unit leaf area basis. The one-sided leaf surface area of P. 
laurifolia was used to calculate net photosynthetic rate. The 
photosynthetic culms of T. lucens were treated as cylinders 
and the area calculated accordingly. Because of the rolled leaf 
architecture of E. plukenetii, generalized methods of leaf area 
determinations could not be applied. Rates of photosynthetic 
gas exchange of E. plukenetii were therefore expressed on a 
unit dry weight basis. This approach may affect the compara-
bility of the absolute photosynthetic rates of the three species. 
The major concern in this study, however, was to understand 
the relative changes in net photosynthetic rates, and particu-
larly, how the observed changes relate to the imposed 
changes in environmental conditions. 
Results 
Photosynthetic response to temperature and irradiance 
Maximum net photosynthetic rates obtained under the 
experimental conditions were comparable to the rates found 
for the same species in a study of the seasonal variations in 
photosynthetic rate (van der Heyden & Lewis 1989). The 
photosynthetic temperature and irradiance dependence of E. 
plukenetii and P. laurifolia were essentialy similar during 
November (Figure 1). The highest photosynthetic rates were 
measured at 20°C. The decline in photosynthesis at lOoC and 
above 30°C were surprisingly low. At the highest tempera-
tures in combination with the lowest light intensities, photo-
synthetic activity was often not evident. In contrast to the 
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Figure 1 Temperature dependence of net photosynthetic rate (A) 
of three fynbos species at five levels of photosynthetic photon flux 
density (PPFD) during November. Each data point represents the 
mean of three measurements. The calculated standard errors are too 
small to show on the scale of the graph. 
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Figure 2 Temperature dependence of net photosynthetic rate (A) 
of three fynbos species at five levels of photosynthetic photon flux 
density (PPFD) during February. Each data point represents the 
mean of three measurements. The calculated standard errors are too 
small to show on the scale of the graph. 
ericoid and proteoid species, the photosynthetic temperature 
optimum for T. lucens during November (Figure 1) was 
c. 30°e. The potosynthetic rates recorded at this temperature 
remained considerably higher than the values recorded at 
lower (WOe and 20°C) and higher (40°C) temperatures 
during November. 
During February, the shapes of the temperature response 
curves were generally similar for the three species (Figure 2) 
i.e. the highest photosynthetic rates were measured at 20°e. 
The optimum photosynthetic rates of P. laurifolia were lower 
in February, although the photosynthetic temperature 
optimum for this species was found to be 200e during both 
November and February. At most temperatures (20oe+), 
rates recorded for E. plukenetii were much lower at the low 
light intensities than at the saturating light intensities. Photo-
synthetic light saturation for T. lucens and P. laurifolia 
occurred at approximately 1 ()()() !-Lmol m-2 S-1 (Figures 1 
& 2). Photosynthetic rates of E. plukenetii, however, were 
already saturated at 800 !-Lmol m-2 S-1 (Figures 1 & 2). 
Photosynthetic response to irrigation 
Photosynthesis in both E. plukenetii and P. laurifolia was 
unaffected by additions of water, whereas T. lucens 
experienced a 20 to 40% increase in net photosynthetic rate 
when supplied with water (Figure 3). A midday depression in 
net photosynthetic rate was observed for the irrigated and 
control treatments of E. plukenetii and T. lucens. Photosyn-
thetic rates of P. laurifolia remained relatively constant for 
both treatments throughout the day. 
Discussion 
The relationships between temperature, irradiance and 
photosynthesis obtained for the species studied appear to be 
typical of the responses reported by Oechel et al. (1981) for a 
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Figure 3 Diurnal variation in net photosynthetic rate (A) of 
irrigated (closed circles) and unirrigated (open circles) individuals 
of three fynbos species during February 1987. Each value repre-
sents the mean of five replicate measurements and the corres-
ponding vertical bar represents the standard error of the mean 
(SEM). The absence of a vertical bar signifies that the SEM is too 
small to show on the scale of the graph. 
number of mediterranean-climate sclerophyllous species i.e. 
light saturation occurred well below full sunlight and high 
photosynthetic rates were maintained over a relatively broad 
range of temperatures. The photosynthetic response to 
different irradiance levels were similar to those found by 
Mooney et al. (1983) for members of the South African 
Proteaceae. 
All three study species maintained considerable photosyn-
thetic rates over the temperature range (WOe to 40°C) at 
which measurements were performed. Only at an unlikely 
combination of temperature and PPFD (40°C and 100 !-LIDO) 
m-2 S-I) was zero net photosynthesis recorded. The observed 
photosynthetic temperature response patterns indicate that the 
study species are well adapted to the temperature ranges 
(c. 10°C - 30°C, van der Heyden 1988) experienced in their 
natural surroundings at the study site. Light saturation of E. 
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plukenetii was recorded at 800 /Lmol m·2 S·l while 
photosynthetic light saturation for T. lucens and P. laurifolia 
occurred at approximately 1 000 /Lmol m·2 S·l. The unique 
small and rolled leaf structure of E. plukenetii, with possibly 
different light reflectance characteristics, may explain the 
slightly different photosynthetic responses to irradiance. 
The photosynthetic temperature optimum obtained for T. 
lucens was approximately WOC higher in November than 
during February. This phenomenon was not found in the 
other species studied. The shift in photosynthetic temperature 
optimum observed for T. lucens is not unusual in plants since 
it is generally accepted that plants can photosynthetically 
acclimate to changing environmental conditions (Lange et al. 
1974; Mooney 1976). If the seasonal shift in photosynthetic 
temperature optimum for T. lucens is considered in the light 
of natural changes in air temperature throughout the year then 
a possible adaptive advantage for such a temperature 
optimum controlling ability becomes apparent. The hotter 
periods of the year occur during late summer (February) and 
usually coincide with periods of lowest precipitation. During 
this period, increases in stomatal conductances, at higher 
temperatures, to assimilate more carbon would result in 
excessive water loss and ultimately desiccation. During early 
summer (November), T. lucens can more easily afford to 
realize greater stomatal conductances at higher temperatures 
because water is relatively more available (van der Heyden 
1988). The photosynthetic capacity of the shallow-rooted T. 
lucens was shown to be intrinsically low and its annual 
carbon gain is further reduced by depressions in photosyn-
thetic capacity during summer (van der Heyden & Lewis 
1989). Therefore the annual carbon gain of this species would 
be aided by such a temperature-conditioning effect of its 
photosynthetic gas exchange processes. 
In contrast to the responses of E. plukenetii and P. 
laurifolia, T. lucens exhibited elevations in rates of net 
photosynthesis when irrigated. These findings suggest that 
during the occasional periods when the soil water levels are 
high, T. lucens experiences elevated rates of net photosyn-
thesis at the cost of rapid water loss. The relative inefficiency 
of the water loss controlling ability of T. lucens (van der 
Heyden & Lewis 1989) is possibly compensated for by the 
ability to take up water as soon as it becomes available, 
thereby maximizing CO2 uptake, and by desiccation tolerance 
during periods of water shortage. E. plukenetii, another 
shallow-rooted species, did not increase its photosynthetic 
rates when irrigated which suggests that this species did not 
utilize the additional water as soon as it became available in 
the soil. That E. plukenetii utilizes water in a conservative 
manner is also evident from its stomatal distribution in 
grooves on the abaxial surfaces of rolled and small leaves. 
P. laurifolia was photosynthetically unaffected by irrigation 
which indicates that its photosynthetic rates were at its 
maximum at the time of irrigation probably because its roots 
had access to water resources in deep soil horizons. The 
results indicate that the net photosynthetic rates of P. lauri-
folia and E. plukenetii were not limited by low soil water 
availability during February. The summer depressions in net 
photosynthesis observed during a seasonal study (van der 
Heyden & Lewis 1989) were therefore most likely due to the 
influence of higher temperatures on photosynthetic rate as 
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was suggested by the photosynthetic temperature dependence 
data for these species. 
T. lucens was the only species to experience a shift in 
photosynthetic temperature optimum from November to 
February. It was also the only species to respond rapidly after 
watering. These characteristics indicate that T. lucens can 
efficiently exploit the water resource when it is available and 
that it can effectively function under sometimes dry condi-
tions. These attributes coupled with possible adaptations to 
overcome nutrient limitations (shown for T. punctatus, Stock 
et al. 1987) probably enable species of similar growth form 
(restioids) to be successful in habitats ranging from dry to 
mesic fynbos regions (Campbell 1985). 
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